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Abstract: 

Turbines have long been used to convert thermal energy to shaft work for power generation. 

Conventional turbines rely upon oil-lubricated rotor supports (bearings, seals, etc.) to achieve low wear, 
high efficiency and reliability. Emerging Oil-Free technologies such as gas foil bearings and magnetic 
bearings offer a path for reduced weight and complexity and truly maintenance free systems. Oil-Free 
gas turbines, using gaseous and liquid fuels are commercially available in power outputs to at least 
250kWe and are gaining acceptance for remote power generation where maintenance is a challenge. 
Closed Brayton Cycle (CBC) turbines are an approach to power generation that is well suited for long life 
space missions. In these systems, a recirculating gas is heated by nuclear, solar or other heat energy 
source then fed into a high-speed turbine that drives an electrical generator. For closed cycle systems 
such as these, the working fluid also passes through the bearing compartments thus serving as a lubricant 
and bearing coolant. Compliant surface foil gas bearings are well suited for the rotor support systems of 
these advanced turbines. Foil bearings develop a thin hydrodynamic gas film that separates the rotating 
shaft from the bearing preventing wear. During start-up and shut down when speeds are low, rubbing 
occurs. Solid lubricants are used to reduce starting torque and minimize wear. Other emerging 
technologies such as magnetic bearings can also contribute to robust and reliable Oil-Free 
turbomachinery. In this presentation, Oil-Free technologies for advanced rotor support systems will be 
reviewed as will the integration and development processes recommended for implementation. 
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Oil-Free Turbomachinery Technology Path 
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Capstone turbines used as coatings test bed at NASA . PS304 
coated shaft tests initiated in 1998 . 


OU-JJVss Tu r ii djjj - i l'L 1 jj ary Program 




4 3D 'aYJ jj/jji j/Jsi'jJJsd 

4J/j ijss 3J/JC3 2DU'\ io dava\op 
P53DD, RssuJis Jsd to P5400 
davalopinani 

4 CurrsmJy, AABA P54D0 
coming on ant}]na sb-ifi 
sunaoas 




4 IBS'S d/JV3 C£>2J'£J/J£J dsysJ^pf/JSni 


L 





'hifbuiisiizhinary ^ragnmi 

Ciipsiojjs IVJkrDTijrbjjjfis; 31 

+ 30 2 'We since -'J333 

+ 302W e modal -21)03 

+ 20 02 We /nodeJ -2000 

+ JVJuJdpJe umis peJJeiWed 
iocjaiharsor 'JPJWe sysie/ns 






Advii/jp^d dsyoJ'opmsm cm hjphs/ powso 
hjphsr sffjcjs/jcy sysioms. 




Oi\-Frtz 


rsjjjj 










Air Bearing for Automotive Turbocharger 


Minoru Ishino 
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1. Introduction 

The application of oil-free bearings such as air or 
magnetic types to automotive turbochargers is 
expected to realize a reduction in mechanical losses 
while eliminating oil consumption. As a result, 
engines fitted with oil-free turbochargers will offer 
an improved response and lower fuel consumption 
and exhaust emissions. We have designed compliant 
foil air bearings with uniquely shaped dampers for 
the journal and thrust bearings of small-sized 
turbochargers (Figs. 1 and 2). 

2. Method 

First, we undertook a rotational test of a prototype 
turbocharger with air bearings. The results of this 
test revealed the need to increase the load capacity of 
the thrust air bearing relative to that of the journal 
bearing. To solve this problem, we used 3D 


computational fluid dynamics to analyze the effects 
of the film thickness distribution between the 
bearing and runner surfaces of the thrust air bearing 
on the generated pressure distribution, so as to 
increase the load capacities of the bearing. 

3. Results and conclusion 

Numerical analyses revealed three effective 
methods of increasing the load capacity, namely, 
increasing the size of the fluid charge in the bearing, 
generating the maximum pressure at the center of 
the bearing surface, and preventing the leakage of 
the fluid in the radial direction of the bearing 
surface. To realize these three improvements, we 
devised a new thrust bearing design with a shallow 
squared groove leading from the leading edge to the 
center of the bearing surfaces of the topmost foil. 
Figure 3 shows the calculated pressure distributions 
on the surfaces of the thrust bearings both with and 
without the groove. The grooved 
bearing allows fluid to enter the 
bearing surface over a wider area and 
increases the amount of fluid by 70% 
relative to that without the groove. 
Because the groove docs not link the 
circumferential edges or interrupt the 
center of the bearing surface, there is 
basically no radial leakage of fluid in 
the groove and the maximum 
pressure is generated at the center of 
the bearing. Numerical analyses with 
the grooved foil bearing indicated a 
l.S-timcs increase in the maximum 
pressure and a 2.5-timcs increase in 
the load capacity, relative to the 
conventional bearing. Figure 4 
shows a trial version of the improved 
bearing together with a conventional 
version, both of which were installed 
in a turbocharger and then evaluated 
experimentally. A turbocharger with 
the improved bearing has been run at 
a rotational speed up to 200,000 rpm. 
(Report rccicvcd on Jul. 3, 2006) 
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Fig. 1 Compliant foil bearings. 
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This news is reported on R&D Review of Toyota CRDL \bl.41 No.3. 
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*Neuros Air Foil Bearings Successfully Passed 500j000 cycles of Start/Stop Durability Test 

Neuros airfoil bearings have been employed in a 15kW air compressor under development for application to 
automotive PEM Fuel Cells. The bearings passed 500,000 cycles of start/stop durability test without any kind of 
abnormal symptom on Aug. 24 2009, which is absolutely a world new record in terms of durability cycle 
numbers for air foil bearings. The test, started on Apr. 1 3 2009, has been conducted for nearly four months with 
scheduled teardown inspections, and continues until the end of the life. This experimental result proudly 
contributes to widening the application spectrum of air foil bearings. 
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Impeller 

Highly advanced computational fluid dynamics 
programming allows for performance design 
to truly offer an advancement in efficiency. 


I— Motor 

• Highly efficient and reliable motor design 

• Specifically designed for high speed service 

• Designed for high heat environments 
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Bearings 

Air Bearings 

• Individually layered beanngs are assembled in the housing support shaft 

• As the shaft rotates at high speed, an air film is formed between the shaft and the 
bearings, which achieves friction free floating without the use of lubricants 

• No additional cooling required 

• Suitable for high speed beanng load capability increases with higher RPM 
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3jppJj32jiJp;j has ssiislurad osicl oasi rssjdiJy bs ussd 
2 jJprj£jsjds psjs baansigs sol miurs sysiassis, 

•As ssios’a oossiiabrokil pppjjpsjijp/jp sor OjJ -Fsaa 
J;jj/'bp//j'jcbjrj3ry sysipjps ssmiiisa.j ipsb/jpjpcjy vyJJJ dsvsJpp 

2J/Jd Sid V2J/JC3. 



